. Modified version of the CONVEX extraction method of Oxmann et al. (2008) used for the determination of phosphorus speciation in Core SN°4. Sol1-6 refers to different chemical solutions presented in Table S3 .
30 Discard if a blue colour occurs.
Ascorbic acid solutions
(1) Dissolve 4.5 g L-ascorbin-acid in MilliQ in 250 ml flask (2) Fill up to 250 ml with MilliQ Solution is stable for 1 week. 65
Store cool and in darkness.
Potassium antimony tartrate solution
(1) Dissolve 1.25 g Potassium antimony-(III)-oxitartrate hemihydrate (toxic) in MilliQ in 500 ml flask with magnetic stirrer on heating plate (2) Fill up to 500 ml with MilliQ 70
Solution is stable for 1 month. A comparable sequence of events is recorded in the  13 Ccarbonate dataset of OAE1a in La Bédoule (Fig. 3) . The pre-OAE phase between 94.55 m and the top of interval C2 of Menegatti et al. (1998) at 76.87 m has a mean of 1.9 ±0.1 ‰. The 110
precursor phase corresponding to stage C3 of Menegatti et al. (1998) and characterized by two prominent minima in  13 Ccarbonate of 1.3 ‰ is between 76.87 and 70.91 m. The prominent increase of the OAE1a positive isotope excursion, identified as the onset phase, is identical with C4 and begins at the last minimum at 70.91 m and lasts until the first peak of 3.7 ‰ at 65.58 m. This interval is also characterized by a major lithological change at 68.09 m in the composite record of Cores LB3 and LB1 from limestones below to marlstones above (Fig. 3) . This lithological change occurs 4 cm above a major 115 increase in  13 Ccarbonate from 2.5 ‰ at 68.09 m to 3.0 ‰ at 68.05 m (Fig. S10 ), suggesting that the lithological change did not influence the increasing trend of  13 Ccarbonate. The peak phase encompasses C5 and C6 and lasts until the end of the increase new high-resolution isotope data from this study. Note the depth difference between the increase in  13 C in comparison to the decrease in carbonate content shown in core photos and Log(Terr/Ca). (2018) . The phases of OAE1a and OAE2 are indicated as vertical black dashed lines and marked with the abbreviations for precursor (pre), onset (ons), peak (pea), plateau (pla) and recovery (rec) phase.
Supplementary Material S12 -Segmentation of the NGR-record of LB3/LB1 for OAE1a
The uppermost segment N1 extends from 34.22 to 0 m and is characterized by strong cyclicity with wavelengths between 1.5 135 and 2.5 m and amplitudes predominantly larger than 15 cps. EHA-analysis shows a prominent signal at 1.1 m (0.88 m -1 ) consistent over the entire interval. A second strong wavelength is detected at 2.2 m (0.45 cycles/m) between 17 and 6 m. The downcore NGR-record of segment N2 between 59.42 and 34.22 m shows a decreasing amplitude of short wavelength (0.5 -2.5 m) cycles from >15 to <10 cps. EHA-analysis reveals a wider range of strong frequencies with the strongest cyclicities detected at wavelengths of 2.5 m (0.4 m -1 ) and 0.8 m (1.2 m -1 ). The NGR-record of segment N3 from 65.57 to 59.42 m 140
shows 5 cycles with wavelengths between 0.8 and 1.8 m. EHA-analysis is influenced by signals from adjacent segments due to the window size of 6 m, but reveals a high amplitude signal at 1.6 m (0.63 m -1 ). The NGR-curve of segment N4 between 87.32 and 65.57 m shows low amplitude (<7 cps), low wavelength (<1 m) cycles overprinted by long wavelength variability (>5 m). A cyclic imprint is detected by EHA-analysis within the wider range of 0.1 to 2.2 m -1 with a strong signal of 5.6 m wavelengths (0.18 m -1 ) and weaker signals centred around 0.7 m (1.5 m -1 ) and 0.5 m (2 m -1 ). The lowest segment N5 145 between 105.84 m and 87.32 m shows an extended maximum between 92.67 and 89.17 m with maxima at ~35.5 cps. This interval is otherwise dominated by shorter wavelengths variability (<5 m) with an amplitude of <10 cps. EHA-analysis reveals stronger frequencies in the wavelengths band 1.2 -7.2 m (0.14 -0.85 m -1 ).
Fig. S13
. Power spectra of NGR for specific depth segments in Core LB3/LB1: N1 0-34.22 m, N2 34.22-59.42 m, N3 59.42-65.57 m, N4 65.57-87.32 m and N5 87.32-105.84 m. Red lines indicate red noise level (solid) and 99 % confidence level (dashed). Multitaper method spectral analysis performed with the function mtm (Thomson, 1982) of the R-package astrochron (Meyers, 2014) . Identified main frequencies are marked with frequency and wavelengths. S14. Major identified frequencies in the NGR-record of Core LB3/LB1 and correlation to orbital frequencies for the Aptian interval 155 from Laskar et al. (2004 Laskar et al. ( , 2011a 
